To determine whether interdependence in couples' sleep (sleep-wake concordance i.e., whether couples are awake or asleep at the same time throughout the night) is associated with two markers of cardiovascular disease (CVD) risk, ambulatory blood pressure (BP) and systemic inflammation. Methods: This community-based study is a cross-sectional analysis of 46 adult couples, aged 18-45 years, without known sleep disorders. Percent sleepwake concordance, the independent variable, was calculated for each individual using actigraphy. Ambulatory BP monitors measured BP across 48 h. Dependent variables included mean sleep systolic BP (SBP) and diastolic BP (DBP), mean wake SBP and DBP, sleep-wake SBP and DBP ratios, and C-reactive protein (CRP). Mixed models were used and were adjusted for age, sex, education, race, and body mass index. Results: Higher sleep-wake concordance was associated with lower sleep SBP (b = −.35, SE = .01) and DBP (b = −.22, SE = .10) and lower wake SBP (b = −.26, SE = .12; all p values < .05). Results were moderated by sex; for women, high concordance was associated with lower BP. Men and women with higher sleep-wake concordance also had lower CRP values (b = −.15, SE = .03, p < .05). Sleep-wake concordance was not associated with wake DBP or sleep/ wake BP ratios. Significant findings remained after controlling for individual sleep quality, duration, and wake after sleep onset. Conclusions: Sleep-wake concordance was associated with sleep BP, and this association was stronger for women. Higher sleep-wake concordance was associated with lower systemic inflammation for men and women. Sleep-wake concordance may be a novel mechanism by which marital relationships are associated with long-term CVD outcomes.
INTRODUCTION
Sleep characteristics are associated with cardiovascular disease (CVD) risk factors in adults, [1] [2] [3] [4] [5] independent of obstructive sleep apnea. 6 For example, self-reported short sleep duration is associated with blood pressure (BP) and risk for hypertension. [1] [2] [3] Studies on actigraphy-assessed sleep and ambulatory BP indicate that movement during sleep, wake after sleep onset (WASO), and sleep fragmentation are associated with an elevated nighttime/daytime BP ratio, 7, 8 a strong risk factor for cardiovascular morbidity. 9 Insufficient sleep is also linked to systemic inflammation. In particular, both total and partial sleep deprivation are associated with higher C-reactive protein (CRP). 10, 11 Most of what is known about sleep and CVD risk has been measured in individuals, without accounting for bed partners. However, for roughly two-thirds of US adults, 12 sleep is a shared biological and behavioral process that can also be characterized at the level of the dyad. Sleep patterns within couples are interdependent 13 because of movement 14, 15 and sleep timing 16 and perhaps because of direct physiological effects of close relationships. 17, 18 We recently demonstrated that couples' actigraphy-assessed sleep-wake patterns are concordant, that is, couples were awake or asleep at the same time. 19 The degree to which couples' sleep is concordant also appears to be independent of individually assessed sleep parameters that are associated with CVD risk, such as sleep quality and circadian preference. 19 Sleep-wake concordance, defined as the percent of the sleep period when couples are asleep or awake at the same time, can also be viewed as one type of coregulation (i.e., a reciprocally maintained physiological process that promotes the psychological and biological homeostasis of individuals in a relationship). 17 Coregulation can be assessed within biological processes, 20 such as heart rate and respiration 21 and hypothalamic pituitary adrenal axis activity. 22 Furthermore, relationship characteristics such as marital satisfaction are associated with coregulation. For example, relationship satisfaction is associated with concordance in cortisol fluctuations throughout the day. 22, 23 Therefore, sleep-wake concordance characterizes dyadic sleep and may be one way to characterize the degree to which physiological and behavioral coregulation occurs within couples, potentially influencing downstream health outcomes.
Coregulation of physiological processes has been most frequently examined as an outcome of relationship characteristics, or as a physiological process occurring with changes in affect (see reference 20 for review). No prior study has examined whether coregulated sleep (i.e., sleep-wake concordance) in couples relates to health outcomes. However, there are several reasons to suspect that sleep-wake concordance is an important predictor of health. First, previous findings on the interdependence of couples' sleep suggest that sleep-wake concordance may be a unique sleep characteristic. Therefore, it is important to know whether an examination of sleep at the dyadic level adds to existing knowledge on the associations between sleep and health. Second, sleep is a vulnerable physiological process that requires a sense of interpersonal security to downregulate
Statement of Significance
For many adults, sleep is a shared process between individuals. We found that the degree to which couples are awake or asleep at the same time (concordant) was associated with nighttime blood pressure and systemic inflammation, two putative markers of cardiovascular disease. That is, higher sleep-wake concordance was associated with lower blood pressure and lower inflammation. The link between concordance and CVD risk appears to be independent of individual (ie, each partners') sleep quality, wake after sleep onset, or sleep duration. Future studies on sleep and cardiovascular disease risk should consider how the shared sleep experience could potentiate CVD risk.
vigilance and arousal, 24 interpersonal security at night, in turn, may be associated with hormones, such as oxytocin, which is associated with affiliative behaviors, has stress-attenuating properties, and most recently has been linked to sleep. 25, 26 The degree to which couples are concordant may relate to other indices of arousal, such as BP, especially during the sleep period. Nighttime BP is strongly predictive of cardiovascular outcomes, independent of daytime measures. 27 Finally, couples' relationships are strongly linked to long-term health outcomes through relationship characteristics (e.g., marital satisfaction) and shared behaviors. 17, [28] [29] [30] [31] In particular, couples' relationship quality is associated with ambulatory BP 32 and systemic inflammation. 33 Therefore, couples' sleep-wake concordance may be a unique, shared behavioral pathway by which both sleep and relationship quality are associated with CVD risk.
In the current study, we followed up on a previous study on couples' sleep-wake concordance 19 to examine the association between couples' sleep-wake concordance and ambulatory BP during the sleep and wake periods, the sleep/wake BP ratio, and systemic inflammation. BP and inflammation were included as outcomes because they are both risk factors for CVD-related outcomes. We expected that higher concordance would be associated with lower BP levels for both partners. Given previous findings on sleep and systemic inflammation, we also expected that higher concordance would be associated with lower CRP. To determine whether sleep-wake concordance is independent from other individually assessed sleep characteristics, we conducted follow-up analyses controlling for individual sleep quality and total sleep time (TST). Lastly, because coregulation of other physiological systems is linked to marital quality 20 and marital quality is associated with CVD risk markers including ambulatory BP (for example see references 32, [34] [35] [36] ), we examined whether marital adjustment moderated the association between concordance and BP and CRP.
METHODS

Participants and Procedure
The University of Pittsburgh Institutional Review Board approved this study. This analysis used a previously described sample 19 of 48 healthy married couples recruited from the community between the ages of 18 and 45 years. After written informed consent, participants completed an in-person diagnostic evaluation and an in-home overnight screening for sleep-disordered breathing. To be included in the study, couples had to share a bed at least 4 nights per week. Exclusionary criteria included night-shift work, having a current sleep disorder, pregnancy, current psychiatric illness, or substance dependence. Participants who had cardiovascular or renal disease, diabetes, or were taking prescription medications known to affect the autonomic nervous system or sleep were also excluded.
Eligible participants completed a 10-day home assessment and an in-person laboratory assessment. The 10-day home assessment included 10 days of actigraphy (described below) and sleep diaries in which participants logged their individual bed-and wake-times and whether they shared a bed with their spouse the night before. The vast majority of the sample (92.6%) shared a bed for more than 75% of the nights, which is consistent with study eligibility. To avoid undue participant burden, couples were able to choose on what day to begin their 10-day assessment. Study start day was evenly distributed across 6 days (Monday-Saturday). Upon completing their 10-day assessment, participants returned to the research laboratory for a fasting blood draw. Two couples were excluded from all analyses because their 10-day home assessment was completed in a different time frame. Therefore, the final sample included 46 dyads.
Measures
Sleep-Wake Concordance
Each member of the couple wore a wrist actigraph (Actiwatch 64; Philips Respironics) continuously for 10 days. Individuals pressed an event marker on the actigraph when they got into bed and attempted to go to sleep and when they got out of bed and were no longer attempting to sleep. These markers defined the rest interval. If the participant did not press the event marker for a given night (<1% of the time), we used the diary bedtime and wake time to calculate their rest interval.
Sleep-wake state was determined for each 60-s epoch using a previously validated algorithm (Actiware v.5.70.1 Philips Respironics). We used the standard scoring algorithm set at the "medium" sensitivity of 40. Actiwatches for each couple were initialized on the same computer within a few minutes of each other and were programmed to start and stop collecting data at the same time.
The independent variable, percent sleep-wake concordance, has been described in detail in our prior work. 19 Briefly, concordance was computed by dividing the number of epochs in which both partners had the same sleep-wake state by the number of total epochs [(No. of concordant epochs / No. of total epochs) * 100]. Concordance was measured based on a dyadic rest interval (i.e., the earliest bedtime and the latest wake time of individuals in the dyad) to capture variation in couples' sleep throughout the night and timing of sleep (in-and out-of-bed times). A value of 85% means that the couple was concordant for sleep and wake in 85% of epochs within the dyadic rest interval. Percent sleep-wake concordance scores ranged from 54% to 88% (M = 74.8, SD = 7.22). Of the concordant epochs, sleep concordance was 66%; wake concordance was approximately 9%. Therefore, sleep concordance represented the majority of couples' total sleep-wake concordance.
Our primary analyses were conducted using sleep-wake concordance calculated within the dyadic rest interval. We previously demonstrated that associations between sleep-wake concordance and relationship characteristics were unchanged when restricting sleep-wake concordance to the time interval when both members of the couple were in bed and trying to sleep. 19 In the present paper, we again repeated analyses using the restricted time interval. Main effects and interactions described in the Results were in the same direction and still significant at the .05 level. We retained sleep-wake concordance based on the dyadic rest interval because it captures concordance in sleep and sleep timing. Both sleep and sleep timing may help to maintain homeostasis in sleep-wake rhythms, and concordance in sleep timing has been linked to relationship characteristics. 37 
Blood Pressure
Ambulatory BP monitors (BP; Oscar Suntech) were used to assess BP during the day and night across two consecutive 24-h periods within the 10-day assessment. BP was measured every 30 min across the waking period and every 60 min during the sleep period. BP monitors were programmed using habitual bedtime and wake time. BP during the sleep period was then defined based on actigraphy event markers and individuals' sleep diary. Systolic and diastolic BPs were averaged across the sleep (sleep SBP and DBP) and wake periods (wake SBP and DBP) over 48 h. The number of usable readings for the wake period ranged from 22 to 46 (M = 32.7, SD = 4.36) and for the sleep period it ranged from 8 to 30 (M = 17.7, SD = 4.21). The sleep/wake SBP and DBP ratios were used as an index of nocturnal BP dipping 8, 38 and were derived by dividing the average sleep SBP and DBP by the average wake SBP and DBP, respectively.
Systemic Inflammation
Systemic inflammation was assessed with plasma CRP following the 10-day assessment period. Blood was drawn from the antecubital vein in the morning following a 12-h fast. Blood draws were rescheduled for a later date if participants endorsed any signs of acute illness (e.g., fever, congestions, sore throat, or acute infections due to injury). Samples were stored in citrated plasma tubes and frozen at −80°C and assayed in batches. Circulating levels of CRP in plasma were determined by high sensitivity ELISA (R&D Systems) and assayed by the University of Pittsburgh Cancer Institute Behavioral Medicine Core Facility laboratory, which is certified according to the Clinical Laboratory Improvement Amendments (CLIA).
Marital Quality
Marital quality was assessed using the Dyadic Adjustment Scale (DAS). 39 The DAS is a widely used, well-validated measure of marital satisfaction, cohesion, consensus, and affection. Each member of the couple completed the measure. The measure includes items such as agreement on important matters in the relationship, demonstration of affection, and on amount of time spent together. Items are rated on a 6-point Likert scale from always agree to always disagree. Raw scores on the DAS range from 0 (low adjustment) to 151 (high adjustment) and ranged from 78 to 143 (M = 121.74) in this sample. The DAS is internally consistent 39 and had good internal reliability in our sample (α = .86).
Covariates Age, sex, education level, race, and body mass index (BMI) were included as covariates. Age was assessed at the consent visit. BMI was calculated based on weight and height measurements taken by a nurse practitioner during a visit to the laboratory. Education level was assessed on a 7-point scale ranging from 1 (less than high school) to 7 (advanced degree). Race was self-identified (Black or African American, American Indian, Asian, or White).
To determine the independent contribution of sleep-wake concordance, we included individual-level sleep variables as covariates including actigraphy-assessed TST, WASO, sleep quality, bedsharing frequency, and night awakenings due to children. Actigraphy measures were averaged over the 10-day assessment period. TST was defined by the total number of minutes from actigraphy-based sleep onset to sleep offset. WASO was defined as the total number of minutes awake after sleep initiation and before the final rise time. Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI 40 ).The PSQI measures sleep complaints during the previous month. The scale comprises 18 items and yields a global PSQI score, ranging from 0 to 21, with higher scores indicating poorer sleep quality. The PSQI is a valid assessment of sleep quality, reliably discriminates between good and poor sleepers, and has good internal and test-retest reliability. 40, 41 Bedsharing frequency was assessed nightly using a daily diary and summarized as a percentage of the 10-day assessment. Higher scores indicated more frequent bedsharing. We included individual reports of bedsharing to account for within-dyad discrepancy of bedsharing, which occurred in approximately 25% of dyads and is common in couples' research. 42, 43 Frequency of waking at night due to children was assessed using a 0 to 4 scale, where 0 = does not wake at night because of children, 1 = wake less than once a week, 2 = 1-2 times per week, 3 = 3-4 times per week, and 4 = wake almost every night. Night waking due to children was not normally distributed (i.e., approximately 75% of the sample reported waking less than once a week); therefore, this variable was transformed to a dichotomous (yes/no) variable.
Analytic Plan
All data were checked for normality through visual inspection and statistical diagnostics. One dyad had low sleep-wake concordance (53.45%) that was nearly 3 SDs from the mean of the sample. All models were examined with and without this dyad. In all analyses, there were no changes in the direction of findings; therefore, we retained the dyad to be more inclusive. CRP was positively skewed and was log transformed for all analyses. One dyad was excluded from BP and CRP analyses due to one individual with average systolic blood values over 160 mm Hg during sleep and wake periods (i.e., more than 3 SDs from the sample mean). Four additional dyads are excluded from CRP analyses due to missing CRP values in one member of the dyad.
Sleep-wake concordance was included as a between-dyad predictor variable. Each couple had one concordance value that represented the average sleep-wake concordance over a 10-day period. Mixed modeling was used to account for interdependence in BP and CRP within the dyad. Heterogeneous compound symmetry was chosen as the covariance structure since the couples are distinguishable by sex. 44 Age, sex, race, education level, and BMI were included as covariates in all models. We used a full information maximum likelihood estimation method. Within-subject predictors were grand mean centered. 45 Effect size was calculated as the difference in variance explained (R 2 ) after sleep concordance was added to a model that already included the above-mentioned covariates. In models that tested interactions between sleep-wake concordance and other between-dyad predictor variables, effect size was calculated by including the interaction term in models that already included all covariates and main effects. For significant associations between concordance and CVD risk markers, we conducted follow-up analyses that additionally controlled for TST, sleep quality, WASO, frequency of bedsharing, or awakenings due to children (entered in separate models). Finally, we tested the Concordance*Marital adjustment interaction to determine whether marital quality influenced the association between significant concordance and CVD risk associations.
RESULTS
Couple and Individual Sample Characteristics
About one-half (45%) of the couples were married 1-4 years; 21% were married < 1 year; 17% were married 5-10 years, 4% were married 11-14 years, and 10% were married > 15 years. Couples were predominantly Caucasian (79.3%). Approximately 35% of the sample woke at night due to children. Other sample characteristics and mean differences between husbands and wives are presented in Table 1 . Husbands had higher sleep SBP, wake SBP and DBP, and higher BMI. Wives were also younger and had longer mean actigraphic sleep duration than husbands.
Bivariate Correlations
Zero-order bivariate correlations among predictors and outcomes are presented in Table 2 . Husbands' correlations are shaded and displayed above the diagonal line and wives' correlations are presented below the diagonal line. The bolded diagonal line represents within-dyad correlations. For wives, sleep-wake concordance was significantly correlated with sleep SBP and DBP, wake DBP, and CRP (all p values < .05) such that higher sleep-wake concordance was associated with lower BP and CRP. Wake DBP and sleep-wake SBP and DBP ratios were in the same direction but not significant. For husbands, higher sleep-wake concordance was significantly correlated with lower CRP. Sleep-wake concordance was not significantly correlated with any of the BP measures for husbands, though correlations were in the same direction as that for wives. Sleep-wake concordance and WASO were negatively correlated for husbands. Marital adjustment was not correlated with sleep-wake concordance for wives or husbands. Within the husband and wife dyad, sleep DBP and wake DBP were significantly and positively correlated. There were no significant correlations between husbands and wives on any other ambulatory BP measures or on CRP. As previously reported, PSQI scores were negatively correlated between wives and husbands. 19 TST and WASO between husbands and wives were positively correlated.
Sleep-Wake Concordance on BP and CRP
Main effects and interactions between sleep-wake concordance and BP and CRP using mixed modeling results are presented in Table 3 and summarized below. Unstandardized coefficients (b) and standard errors are reported for each model.
Blood Pressure
Higher sleep-wake concordance was associated with lower sleep SBP, lower sleep DBP, and lower wake SBP. Sleep-wake concordance was also associated with lower wake DBP, but this effect was only marginal (p = .07). Sleep-wake concordance was not associated with sleep/wake SBP or DBP ratios. The Sex*Sleep-wake concordance interaction was marginally significant for sleep SBP (Figure 1 ) and significant for wake SBP (Figure 2) . In both models, higher sleep-wake concordance was associated with lower SBP in women but not in men. The Covariates included in models: sex, age, race, education, and body mass index. CRP = C-reactive protein; CVD = cardiovascular disease; DBP = diastolic blood pressure; SBP = systolic blood pressure. Sex*Sleep-wake concordance interaction was not significant for any of the other BP variables.
Systemic Inflammation
Sleep-wake concordance was significantly associated with CRP ( Table 3) . As depicted in Figure 3 , in both men and women, higher concordance was associated with lower CRP values. The slopes are presented for both men and women in Figure 3 ; however, the Sex*Sleep-wake concordance interaction was nonsignificant.
Follow-up Analyses
In follow-up analyses, we first tested whether individual variations in sleep quality, TST, and WASO explained some of the observed associations between sleep-wake concordance and sleep SBP, sleep DBP, wake SBP, and CRP. For these significant associations, we additionally controlled for subjective sleep quality (PSQI scores), actigraphy-assessed TST, and WASO in separate models. The main effects of sleep-wake concordance and sleep SBP, sleep DBP, and CRP remained statistically significant and in the same direction after controlling for these individual-level sleep characteristics. We previously reported that 35% of the sample had children and having children did not influence concordance rates. 19 In the current analysis, we additionally covaried for waking at night due to children on significant associations between concordance and CVD risk variables (sleep SBP and DBP, wake DBP, and CRP). The presence of night waking due to children did not have an effect on associations between concordance and CVD risk factors. However, we interpret this finding cautiously because approximately 65% of the sample did not have children.
Finally, we assessed whether variation in bedsharing influenced significant associations between concordance and CVD risk variables (sleep SBP and DBP, wake DBP, and CRP). Bedsharing frequency did not influence the association between concordance and sleep SBP, sleep DBP, or CRP. When bedsharing was included in the association between concordance and wake SBP, the finding was in the same direction, but no longer significant at the .05 level (b = −.221, SE = .12, p = .072).
Does Marital Adjustment Moderate the Association Between Sleep-Wake Concordance and BP and CRP?
We examined whether marital adjustment moderated significant associations between concordance and CVD risk (wake SBP, sleep SBP and DBP, and CRP). Marital adjustment did not moderate the association between concordance and sleep DBP (b = −.006, SE = .008, p =.439) or CRP (b = −.001, SE = .001, p =.187). The Concordance*Marital adjustment interaction for sleep SBP approached significance (b = .022, SE = .011, p = .062; Figure 4 ). At higher levels of concordance, there was no effect of marital adjustment on sleep SBP. At lower levels of concordance, however, lower marital adjustment was associated with higher sleep SBP. Marital adjustment also moderated the association between concordance and wake SBP (b = .023, SE = .010, p = .025) and in the same direction as with sleep SBP (see Figure 5 ).
DISCUSSION
Higher sleep-wake concordance in couples was associated with lower sleep SBP and DBP and lower wake SBP. These effects were stronger in women than in men. Sleep-wake concordance was not associated with wake DBP or the sleep/wake SBP and DBP ratios. Higher concordance was associated with lower CRP, and there was no evidence of gender differences in this effect. Marital adjustment moderated the association between concordance and wake SBP, such that lower marital adjustment was associated with higher wake SBP. The marital adjustment by concordance interaction for sleep SBP was in the same direction, but did not reach significance at the .05 level. Marital adjustment did not moderate the association between concordance and CRP or concordance and sleep DBP.
The finding that sleep-wake concordance is associated with lower sleep BP adds a dyadic sleep association to previous findings in which individually assessed sleep parameters, such as sleep quality and TST, are associated with BP. 2, 3, 7 In addition, sleep-wake concordance was associated with CRP, which adds to a limited number of studies on individuals' sleep and inflammation. 46 We previously demonstrated that sleepwake concordance was not correlated with circadian preference and sleep quality. 19 In the current study, findings between concordance and BP and CRP remained significant even after controlling for TST, sleep quality, WASO, and awakenings due to children. Therefore, current findings provide further support for sleep-wake concordance as a novel sleep measure that takes into account dyadic sleep patterns. Concordance was not associated with sleep/wake BP ratio, an index of nocturnal BP dipping. Given that this was a normotensive population, it is likely that sleep BP drove the sleep/ wake ratio since most individuals in our sample had lower BP at night. However, nighttime BP itself is a strong predictor of CVD risk 27 and CVD mortality. 47 Moreover, concordance was strongly linked to CRP, which is a risk marker for later development of heart disease in healthy adults. 48 Concordance was not associated with wake DBP, and the magnitude of the association between concordance and wake SBP was less robust than the associations between concordance and sleep BP. It is possible that associations between concordance and BP are stronger when couples are in closer proximity. For example, in an examination of spousal presence on cardiovascular responses, spousal presence is associated with reduced cardiovascular reactivity. 49 Overall, the associations between concordance and sleep BP and CRP suggest that dyadic sleep patterns may be one mechanism by which couples' relationships are linked to CVD risk.
A secondary aim of the current study was to test whether marital adjustment, a type of overall marital quality, moderated the association between concordance and CVD risk. We previously demonstrated that marital satisfaction moderated associations between concordance and attachment style. 19 Given that marital quality is associated with better couple-level outcomes, 28 we expected that the association between concordance and CVD risk factors would vary based on individual scores on marital adjustment. The associations between concordance and sleep SBP and wake SBP were each moderated by marital adjustment. For both findings, at higher levels of concordance, there was no effect of marital adjustment on SBP. At lower levels of concordance, lower marital adjustment was associated with higher sleep SBP. This suggests that higher concordance may buffer lower levels of marital adjustment. Alternatively, low marital adjustment may potentiate the association between low concordance and higher CRP. However, many of the couples in the current study were satisfied in their marriage; therefore, it will be important to obtain greater diversity in marital quality in future studies. That marital adjustment moderated the association between concordance and BP is partially consistent with previous findings on marital satisfaction and ambulatory BP. Holt-Lunstad and colleagues found that higher marital satisfaction was associated with lower wake SBP; however, they did not find associations between marital satisfaction and nocturnal SBP or DBP.
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Figure 3-Unadjusted associations between sleep-wake concordance and CRP. CRP = C-reactive protein. Raw values are plotted for interpretability. Five dyads are excluded from analyses and the scatterplot due to missing CRP values in one or both members of the dyad (n = 4) or due to elevated SBP in one member of the dyad (n = 1). Therefore, 10 cases were excluded. Two cases (one dyad) appear to be multivariate outliers; however, we tested this model without the two cases (one dyad) and the findings are in the same direction and significant at the .05 level. Linear trend lines are presented for both men and women; the Sex*Sleep-wake concordance interaction is not significant (b = −.08, SE = .08, p =.282). In addition to novel findings on sleep and health, the current findings add to our general understanding and knowledge about coregulation and health. To our knowledge, this is the first study to demonstrate an association between one type of physiological coregulation (sleep) and another biological process (BP and CRP). In general, very few studies have examined physiological coregulation in the context of couples' relationships and few studies have examined sleep in a dyadic context. [13] [14] [15] 37 Our findings suggest that coregulation of sleep may be one way that couples, especially women, downregulate cardiovascular arousal. One function of coregulation is to regulate biology within optimal bounds. 50 Biological regulation is also thought to be most effective when in proximity to trusted others. 51 Coregulated sleep, therefore, may be one way to maintain physiological balance in other biological systems, such as sympathetic activity, immune functioning, and hormones associated with both affiliation and attenuated stress response, such as oxytocin. 17, 52, 53 In the current study, sex interactions indicated stronger relationships between concordance and SBP for women than for men. As with previous studies on relationship factors and physiological outcomes in couples, 28 women may be more sensitive to potential benefits of sleep-wake concordance. However, for both men and women, greater sleep-wake concordance was associated with lower CRP, which suggests that concordance is also associated with beneficial outcomes for men. Despite these intriguing findings, research on coregulation of biology and research on sleep in a dyadic context are still in the early stages. 18 We speculate that sleep-wake concordance may be a type of attachment behavior that fosters regulation of the stress response and immune systems. Future research on coregulation will help determine whether coregulation in other biological systems is also associated with downregulation of physiological arousal and immune functioning, or whether this is unique to sleep-wake concordance.
The current study has several limitations. Individuals in this study were heterosexual, healthy, and generally happily married couples, which likely limited the range of findings on marital quality and CVD risk factors. Studies of sleep-wake concordance with culturally diverse couples who have greater health diversity are warranted. Higher sleep-wake concordance in this study was associated with more advantageous markers of health. However, it is important to consider how this could vary depending on the sleep health of the individuals in the relationships. A considerable strength of the study was that couples were free from sleep disorders, including insomnia and obstructive sleep apnea (determined by in-home objective apnea screening). However, we did not specifically assess snoring, which has been shown to be associated with poor sleep quality in the bedpartner, 54 and thus, may have introduced some heterogeneity in our results. Among couples with sleep disorders, greater sleep-wake concordance may actually serve to potentiate health risk, as sleep disorders in one or both members may exacerbate sleep disturbances. 55 Moreover, it is possible that couples with lower sleepwake concordance have other relative relationship strengths. For example, in one cross-sectional study, well-adjusted couples who had different bed-timing preferences (owls versus larks) demonstrated flexible problem-solving skills. 56 The current findings are also cross-sectional, which limits the ability to draw conclusions on the direction of the findings. To provide a stronger test of the directionality of the association, a useful next step would be to examine night-to-night variation in sleep-wake concordance in conjunction with day-to-day relationship factors and health outcomes. For example, Hasler and Troxel found that lower sleep onset concordance predicted more negative interactions the next day, 37 but they did not examine whether nightly concordance was associated with daily fluctuations in any physiological outcome. In addition, in future couples' sleep research, it will be useful to consider how social jetlag influences the association between concordance and CVD risk given recent research on the importance of shifts in sleep timing. 57 Finally, we defined coregulation as concordance in sleep and wake patterns; however, other types of coregulation are certainly possible 50 in dyadic sleep. For example, it will be useful to explore time-lagged effects (e.g., partner A influences partner B) and coregulation in staging (i.e., architecture) using polysomnography.
In conclusion, the current study is the first to demonstrate that sleep-wake concordance is linked to lower BP, particularly for women, and to lower systemic inflammation for men and women in healthy, well-adjusted couples. These results, along with previous findings regarding marital satisfaction and concordance, suggest that couples' sleep-wake concordance relates to couples' psychological and physiological health. This suggests that sleep-wake concordance may be a novel mechanism by which couples' relationships are associated with longterm health outcomes, such as CVD. Taken more broadly, our findings also provide more support for consideration of close relationships when evaluating individual sleep in research and clinical settings.
